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(54) SUPERCONDUCTING MAGNET DEVICE FOR SINGLE CRYSTAL PULLER

(57) A superconducting magnet device for a single
crystal pulling apparatus is arranged outside a pulling
furnace containing a crucible for melting a single crystal
material therein so as to apply a magnetic field to the
melted single crystal material. The superconducting
magnet device for a single crystal pulling apparatus in-
cludes a cryostat containing a superconducting coil
therein, and a refrigerator port arranged on the outer cir-
cumferential surface of the cryostat and provided with a
cryogenic refrigerator that cools the superconducting
coil. The cryogenic refrigerator is provided in a region of
the outer surface region of the cryostat at which the in-
tensity of the magnetic field generated by the supercon-
ducting coil is weak.
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Description

Technical Field

[0001] The present invention relates to a supercon-
ducting magnet device for a single crystal pulling appa-
ratus that is used in a single crystal pulling apparatus for
producing a single crystal (for example, a semiconductor
single crystal).

Background Art

[0002] There is known a single crystal pulling appara-
tus utilizing an MCZ (magnetic-field-applied Czochralski)
method in which a crucible melting a single crystal ma-
terial (particularly, a semiconductor single crystal mate-
rial) is contained inside a pulling furnace, and a super-
conducting magnet device is disposed outside the pulling
furnace. A magnetic field is applied to the single crystal
material which is melted inside the crucible by the super-
conducting magnet device to thereby prevent convection
of the melted single crystal material.
[0003] When producing a silicon single crystal using
the MCZ method, in many cases, the shape and size of
a superconducting magnet device for applying a mag-
netic field is restricted in order to prevent mechanical
interference with a pulling apparatus. In particular, rela-
tively strict attention must be paid to the connection be-
tween the upper end face of the superconducting magnet
device and the pulling apparatus main body (for example,
pulling machine). Further, when taking into consideration
the workability and safety of an operator performing op-
erations on the upper end face, the arrangement of pro-
jecting parts such as a refrigerator and a current lead
terminal requires a lot of attention.
[0004] According to a superconducting magnet device
for a single crystal pulling apparatus 100 disclosed in
Patent Document 1 (Japanese Patent Laid-Open Publi-
cation No. 2004-51475) shown in Fig. 13, a cryogenic
refrigerator 102 and a current lead terminal 103 and the
like that exist on a cylindrical cryostat 101 are arranged
together on a refrigerator port 104 so as to avoid the
interference with the pulling apparatus main body.
[0005] Further, according to a superconducting mag-
net device for a single crystal pulling apparatus 110 dis-
closed in Patent Document 2 (Japanese Patent Laid-
Open Publication No. 2000-114028) shown in Fig. 14, a
cryogenic refrigerator 102 and a current lead terminal
103 are mounted on a lower end face 112 of a cylindrical
cryostat 101 in a manner such that an upper end face
111 of the cryostat 101 forms completely flat surface.
Patent Document 3 (Japanese Patent Laid-Open Publi-
cation No. 11-199366) also discloses a superconducting
magnet device for a single crystal pulling apparatus of
the same kind as that disclosed in Patent Document 2.
[0006] In comparison with the superconducting mag-
net device for a single crystal pulling apparatus 100 dis-
closed in the Patent Document 1, the aforementioned

superconducting magnet device for a single crystal pull-
ing apparatus 110 disclosed in the Patent Document 2
is superior with respect to interference with the pulling
apparatus main body at the upper end face 111 of the
cryostat 101 as well as the workability and safeness in
working of the operator.
[0007] However, the cryogenic refrigerator 102 re-
quires periodical maintenance, and it is necessary to se-
cure a maintenance space of 800 mm or more in the
vertical direction from the installation surface in order to
withdraw the refrigerator. Therefore, according to the su-
perconducting magnet device 110 disclosed in the Patent
Document 2 in which the cryogenic refrigerator 102 is
inserted from the lower end face 112 of the cryostat 101,
leg portions 113 are provided to secure maintenance
space on the lower end face 112.
In general, with a cylindrical superconducting magnet de-
vice for a single crystal pulling apparatus, after the su-
perconducting magnet device is mounted to the single
crystal pulling apparatus, the superconducting magnet
device is raised and lowered in the vertical direction in
order to adjust the magnetic field that is applied thereto.
Therefore, if the overall height dimensions of the appa-
ratus are large, the margin for adjustment of the magnetic
field decreases.

Disclosure of the Invention

[0008] The present invention has been made in con-
sideration of the circumstances described above, and an
object of the present invention is to provide a supercon-
ducting magnet device for a single crystal pulling appa-
ratus that can suppress interference with a pulling appa-
ratus and enhance workability and safeness in working
of an operator on the apparatus, in addition to securing
of a margin for adjusting an applied magnetic field.
[0009] In order to achieve the above object, the present
invention provides a superconducting magnet device for
a single crystal pulling apparatus that is arranged outside
a pulling furnace containing therein a crucible for melting
a single crystal material so as to apply a magnetic field
to the melted single crystal material, the superconducting
magnet device including: a cryostat that encloses a su-
perconducting coil; a refrigerator port arranged on an out-
er surface of the cryostat; and a cryogenic refrigerator
that cools the superconducting coil provided on the re-
frigerator port, wherein the cryogenic refrigerator is pro-
vided in a region of an outer surface region of the cryostat
at which an intensity of a magnetic field generated by the
superconducting coil is weak.
[0010] In a preferred example of the above described
embodiment of the invention, the refrigerator port and
the cryogenic refrigerator may be arranged within an area
between an upper end face and a lower end face of the
cryostat outer surface.
[0011] The cryogenic refrigerator may include a drive
motor, and the drive motor is arranged in a magnetic field
region in which modulation is not induced by a magnetic
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field generated by the superconducting coil inside the
cryostat.
[0012] The refrigerator port may be arranged at a plu-
rality of locations on the outer surface of the cryostat. In
such case, the refrigerator ports may also be continuous-
ly arranged on the outer surface of the cryostat.
[0013] It may be preferred that the cryostat is a cylin-
der-shaped cylindrical cryostat or a rectangular parallel-
epiped-shaped split-type cryostat.
[0014] The superconducting coil inside the cryostat
may be cooled to a cryogenic temperature by the cryo-
genic refrigerator via a heat transfer plate, or immersed
in liquid helium that is filled in a coolant container inside
the cryostat so as to be cooled to a cryogenic temperature
by the cryogenic refrigerator.
[0015] It may be preferred that the superconducting
coil inside the cryostat is immersed in liquid helium that
is filled in a coolant container inside the cryostat so as to
be cooled to a cryogenic temperature by the cryogenic
refrigerator.
[0016] The superconducting coil may also be a pair of
saddle-shaped superconducting coils, or a pair or a plu-
rality of pairs of circular superconducting coils.
[0017] According to the present invention having the
characteristic features mentioned above, since the re-
frigerator port including a cryogenic refrigerator is ar-
ranged on an outer surface of a cryostat, the upper end
face of the cryostat is made to be flat. As a result, inter-
ference with a pulling apparatus can be suppressed, and
workability and safeness in working of an operator on the
apparatus can be enhanced. Further, a protruding portion
such as a leg portion does not exist on a lower end face
of the cryostat, and it is hence possible to set the entire
height dimensions of the apparatus to a low level. Ac-
cordingly, a margin for adjusting a magnetic field that
adjusts an applied magnetic field by raising and lowering
the apparatus can be favorably secured.
[0018] The nature and further characteristic features
of the present invention will be further apparent from the
following description made with reference to the accom-
panying drawings.

Brief Description of the Drawings

[0019]

Fig. 1 is a cross-sectional side view of a first embod-
iment of the superconducting magnet device for a
single crystal pulling apparatus according to the
present invention together with one portion of a sin-
gle crystal pulling apparatus.
Fig. 2 is a perspective view illustrating the supercon-
ducting magnet device shown in Fig. 1.
Fig. 3 is a plan view that illustrates, with solid lines,
a superconducting coil in the superconducting mag-
net device shown in Fig. 2.
Fig. 4 is a side view that illustrates the superconduct-
ing magnet device shown in Fig. 3.

Fig. 5 is a side view that illustrates a cryogenic re-
frigerator shown in Fig. 3 and Fig. 4.
Fig. 6 is a sectional view that illustrates a second
cylinder and a second displacer shown in Fig. 5.
Fig. 7 is a plan view that illustrates, with solid lines,
another example of a superconducting coil in the su-
perconducting magnet device shown in Fig. 2.
Fig. 8 is a side view that illustrates the superconduct-
ing magnet device shown in Fig. 7.
Fig. 9 is a plan view that illustrates, with solid lines,
a further example of a superconducting coil in the
superconducting magnet device shown in Fig. 2.
Fig. 10 is a side view that illustrates the supercon-
ducting magnet device shown in Fig. 9.
Fig. 11 is a perspective view that illustrates a second
embodiment of the superconducting magnet device
for a single crystal pulling apparatus according to the
present invention.
Fig. 12 is a perspective view that illustrates a third
embodiment of the superconducting magnet device
for a single crystal pulling apparatus according to the
present invention.
Fig. 13 is a perspective view that illustrates a con-
ventional superconducting magnet device for a sin-
gle crystal pulling apparatus.
Fig. 14 is a perspective view that illustrates another
conventional superconducting magnet device for a
single crystal pulling apparatus.

Mode for Embodying the Invention

[0020] Best modes for carrying out the present inven-
tion are described hereunder with reference to the ac-
companying drawings. It is further to be noted that, in the
following description, terms a direction or a position, such
as up or down and left or right, are used herein with ref-
erence to the illustration of the attached drawings or
based on the actual installation state of a superconduct-
ing magnet device.

[First Embodiment (Fig. 1 to Fig. 10)]

[0021] As shown in Fig. 1, a single crystal pulling ap-
paratus 11 includes a superconducting magnet device
10, which is disposed outside a pulling furnace 13 which
contains a crucible 12 for melting a semiconductor single
crystal material 1, and the so-called MCZ method (mag-
netic-field-applied Czochralski method) is applied to the
single crystal pulling apparatus 11 by applying a unidi-
rectional transverse magnetic field (indicated by lines of
magnetic force 2 in Fig. 1) to the single crystal material
1 melted inside the crucible 12 to thereby prevent con-
vection of the melted single crystal material 1 inside the
crucible 12.
[0022] More specifically, in the single crystal pulling
apparatus 11, the crucible 12 is contained in the pulling
furnace 13 having an upper opening upper region, and
a heater 14 for heating and melting the single crystal
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material 1 disposed inside the crucible 12 is arranged
between the pulling furnace 13 and the crucible 12. The
superconducting magnet device 10 provided with a pair
of superconducting coils 15 (Fig. 3) is arranged outside
the pulling furnace 13. Although not shown in the draw-
ings, a pulling machine for pulling up a single crystal ingot
3 (described later) along a center line O of the crucible
12 is provided at the upper portion of the pulling furnace
13.
[0023] In a case when the single crystal ingot 3 is man-
ufactured, the single crystal material 1 is first introduced
into the crucible 12 and heated by the heater 14 so as to
melt the single crystal material 1. A seed crystal, not
shown, is downwardly inserted, for example, from an up-
per portion of the central portion of the crucible 12 into
the melted single crystal material 1. The seed crystal is
then pulled up in a pulling direction α at a predetermined
speed by the pulling machine. In this manner, a crystal
is grown in a boundary layer between a solid substance
and a liquid substance to thereby generate the single
crystal ingot 3.
[0024] During the operation mentioned above, in order
to prevent convection of the melted single crystal material
1 inside the crucible 12, which is induced by heat of the
heater 14, a current is passed to the superconducting
coils 15 of the superconducting magnet device 10. The
melted single crystal material 1 in the crucible 12 is sub-
jected to a motion suppressing force (Lorenz force) by a
transverse magnetic field (indicated by lines of magnetic
force 2 in Fig. 1) generated by the superconducting coils
15, and the melted single crystal material 1 is slowly
pulled up accompanying the operation to pull up the seed
crystal without causing convection inside the crucible 12,
thus producing the solid-state single crystal ingot 3.
[0025] As shown in Fig. 2 to Fig. 4, the superconducting
magnet device 10 includes a cryostat 17 that contains
the superconducting coils 15 and radiation shields 16,
and a single refrigerator port 19 that is arranged on an
outer circumferential surface 18 of the cryostat 17 and
includes a cryogenic refrigerator 20, a current lead ter-
minal 23 and a valve, not shown.
[0026] The cryostat 17 is a cylindrical cryostat. A vac-
uum condition is maintained inside the cryostat 17 for
thermal insulation. The radiation shield 16 covers the su-
perconducting coils 15, respectively, inside the cryostat
17, and blocks heat radiation to the superconducting coils
15 from the outside of the cryostat 17. The supercon-
ducting coils 15 are a pair of saddle-shaped coils that are
arranged facing each other through a bore portion 24 in
the cryostat 17. The superconducting coils 15 generate
transverse magnetic fields in the same (one) direction
(represented by lines of magnetic force 2 in Fig. 3) inside
the bore portion 24 of the cryostat 17.
The pulling furnace 13 and the crucible 12 are arranged
inside the bore portion 24 of the cryostat 17.
[0027] The superconducting coils that are enclosed by
the cryostat 17 are not limited to saddle-shaped coils like
the superconducting coils 15, and there may be adopted

a pair of circular superconducting coils 27 that are dis-
posed so as to face each other through the bore portion
24 of the cryostat 17 as shown in Fig. 7 and Fig. 8. Further,
the superconducting coils inside the cryostat 17 may be
a plurality of pairs (for example, two pairs) of supercon-
ducting coils 28A and 28B disposed so as to face each
other, respectively, through the bore portion 24 of the
cryostat 17 as shown in Fig. 9 and Fig. 10. Transverse
magnetic fields in the same (one) direction (represented
by lines of magnetic force 2 in Fig. 7 and Fig. 9) are also
generated inside the bore portion 24 of the cryostat 17
by the pair of superconducting coils 27 and the multiple
pairs of superconducting coils 28A and 28B.
[0028] As shown in Fig. 4, in the cryogenic refrigerator
20, a first cooling stage 21 is connected to the radiation
shield 16 via a heat transfer plate 25. The radiation shield
16 is, for example, cooled to a cryogenic temperature
around 40 K. A second cooling stage 22 is connected via
a heat transfer plate 26 to superconducting coils 15, 27,
or 28A and 28B. The superconducting coils 15, 27, or
28A and 28B are, for example, cooled to a cryogenic
temperature around 4K. One or a plurality of the cryo-
genic refrigerators 20 is arranged on the refrigerator port
19 (a plurality (two) of the cryogenic refrigerators 20 is
shown in Fig. 2). The current lead terminal 23 supplies
a current to the superconducting coils 15, 27, or 28A and
28B.
[0029] As shown in Fig. 4 and Fig. 5, the cryogenic
refrigerator 20 is a common type of refrigerator, in which
the second cooling stage 22 is arranged below the first
cooling stage 21, and a drive motor 33 is arranged at an
uppermost portion. As shown in Fig. 5 and Fig. 6, accord-
ing to this type of cryogenic refrigerator 20, a first dis-
placer (first cold accumulating unit) 35 is housed inside
a first cylinder 34 that has the first cooling stage 21 pro-
vided at the lower end thereof, and a second displacer
(second cold accumulating unit) 37 is housed inside a
second cylinder 36 that has the second cooling stage 22
provided at the lower end thereof.
The first displacer 35 and the second displacer 37 are
moved reciprocally in the longitudinal direction (in this
case, the vertical direction) of the respective cylinders.
By means of the reciprocating movements of the first
displacer 35 and the second displacer 37, a working fluid
(for example, He gas), that is introduced between the
lower end of the first cylinder 34 and the first displacer
35 and between the lower end of the second cylinder 36
and the second displacer 37, respectively, undergoes
adiabatic expansion to obtain a predetermined refriger-
ating capacity.
[0030] As shown in Fig. 4, the refrigerator port 19 is
arranged on the outer circumferential surface 18 of the
cryostat 17 in an area between an upper end face 17A
and a lower end face 17B of the cryostat 17. Further, the
cryogenic refrigerator 20, the current lead terminal 23,
the valve and the like that are mounted on the refrigerator
port 19 are arranged within the aforementioned area be-
tween the upper end face 17A and the lower end face
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17B of the cryostat 17.
More specifically, although the cryogenic refrigerator 20,
the current lead terminal 23, and the valve and the like
are inserted from an upper end face 19A side or lower
end face 19B side of the refrigerator port 19 so as to be
mounted thereon, portions that are exposed from the up-
per end face 19A and lower end face 19B at this time are
arranged within an area between the upper end face 17A
and lower end face 17B of the cryostat 17.
As a result, the refrigerator port 19 and exposed portions
such as the cryogenic refrigerator 20, the current lead
terminal 23, and the valve are prevented from protruding
from the upper end face 17A and lower end face 17B of
the cryostat 17.
[0031] Further, as shown in Fig. 3, the refrigerator port
19 is arranged in a magnetic field region in which mod-
ulation at the drive motor 33 (Fig. 5) of the cryogenic
refrigerator 20 is not induced by a magnetic field gener-
ated by the superconducting coils 15, 27, or 28A and
28B. More specifically, in Fig. 3, Fig. 7 and Fig. 9, a ref-
erence character "X" denotes a boundary at which the
intensity of the magnetic field is between 40 and 50 mT
(millitesla). The refrigerator port 19, and particularly, the
cryogenic refrigerator 20 mounted on the refrigerator port
19, is arranged in a magnetic field region W (region on
the outer side of the boundary X) in which the intensity
of the magnetic field is less than 40 to 50 mT. Conse-
quently, the occurrence of modulation (including stop-
ping) at the drive motor 33 of the cryogenic refrigerator
20 is avoided.
[0032] Thus, the cryogenic refrigerator 20 is provided
in a region of the outer surface region of the cryostat 17
at which the intensity of a magnetic field generated by
the superconducting coils 15 is weak. More specifically,
the intensity of a magnetic field generated by the super-
conducting coils 15 disposed inside the cryostat 17 is
weaker in the region of the outer surface of the cryostat
17 at which the cryogenic refrigerator 20 is provided than
in other regions of the outer surface of the cryostat 17.
[0033] The boundary "X" at which the magnetic field
intensity is between 40 and 50 mT as shown in Fig. 3,
Fig. 7 and Fig. 9 is the intensity of a magnetic field at a
central plane 29A at a central position in an axial direction
(vertical direction) in the superconducting magnet device
10 shown in Fig. 4, Fig. 8 and Fig. 10.
Further, a reference character "Y" in Fig. 3, Fig. 7 and
Fig. 9a denotes a boundary of an intensity of a magnetic
field equivalent to the boundary X at planes 29B and 29C
between the central plane 29A and the upper end face
17A and lower end face 17B of the cryostat 17, respec-
tively, in the superconducting magnet device 10. Further-
more, a reference character "Z" in Fig. 3, Fig. 7 and Fig.
9a denotes a boundary of an intensity of a magnetic field
equivalent to the aforementioned boundary "X" at planes
29D and 29E that include the upper end face 17A and
lower end face 17B of the cryostat 17, respectively.
[0034] Thus, according to the superconducting mag-
net device 10, the intensities (for example, 40 to 50 mT)

of equivalent magnetic fields have a similar shape on
each plane in the vertical direction, and the magnetic field
intensities decrease as the relevant planes are separated
from the central plane 29A in the axial direction (vertical
direction) of the superconducting magnet device 10.
The cryogenic refrigerator 20 is arranged outside (in
magnetic field region W) the boundary "X" for which the
magnetic field intensity is largest among the intensities
between 40 and 50 mT, and therefore, is not exposed to
a magnetic field with an intensity between 40 and 50 mT
or more.
[0035] Accordingly, the following advantages (1) to (3)
are obtained according to the present embodiment.
[0036]  (1) The refrigerator port 19 including the cryo-
genic refrigerator 20, the current lead terminal 23, the
valve and the like is arranged on the outer circumferential
surface 18 of the cryostat 17 within an area between the
upper end face 17A and lower end face 17B of the cry-
ostat 17. Furthermore, the cryogenic refrigerator 20, the
current lead terminal 23 and the valve are mounted on
the refrigerator port 19 within an area between the upper
end face 17A and lower end face 17B of the cryostat 17.
According to this arrangement, since the refrigerator port
19 and the exposed portions such as the cryogenic re-
frigerator 20, the current lead terminal 23 and the valve
are not protruded from the upper end face 17A of the
cryostat 17, the upper end face 17A of the cryostat 17
can be formed so as to provide a flat surface. Accordingly,
interference between the single crystal pulling apparatus
11, in particular the pulling machine, and the supercon-
ducting magnet device 10 can be suppressed, and the
workability and safeness in working of an operator oper-
ating at the upper end face 17A of the cryostat 17 can
be improved.
[0037] (2) Furthermore, since the exposed portions
such as the cryogenic refrigerator 20, the current lead
terminal 23, and the valve do not project further down-
ward from the lower end face 17B of the cryostat 17 and
there are no protruding portions such as a leg portion on
the lower end face 17B, the overall height dimensions of
the superconducting magnet device 10 can be set to a
low height level. As a result, it is possible to favorably
secure a magnetic field adjustment margin for adjusting
a magnetic field applied by the superconducting magnet
device 10 by raising and lowering the superconducting
magnet device 10.
[0038] (3) The cryogenic refrigerator 20 is of a type in
which the first displacer 35 and second displacer 37 per-
form a reciprocating movement in the vertical direction
inside the first cylinder 34 and the second cylinder 36,
respectively, and in which the first displacer 35 and the
second displacer 37 are vertically arranged in the first
cylinder 34 and the second cylinder 36, respectively, by
the action of gravity. Hence, the first displacer 35 and the
second displacer 37 do not grind against each other to
generate frictional heat.
Furthermore, in the cryogenic refrigerator 20, the seal
portions 38 and 39 arranged at the upper portion of the
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first displacer 35 and the second displacer 37, respec-
tively, do not press against one side of the inner circum-
ferential surface of the first cylinder 34 and the second
cylinder 36, respectively, so that the sealing property
thereof is favorably maintained. As a result, in the cryo-
genic refrigerator 20, the refrigerating capacity can be
suitably maintained and it is further possible to prevent
an overload in the drive motor 33 due to the friction or
the like, and also prevent the first displacer 35, the second
displacer 37 and the seal portions 38 and 39 from dam-
aging. Thus, the operating life and reliability of the cryo-
genic refrigerator 20 can be enhanced.
[0039] The first displacer 35 and the second displacer
37 have a thermal gradient such that, in an operating
state, the upper end in the axial direction (vertical direc-
tion) thereof becomes a high temperature end and the
lower end becomes a low temperature end. A working
fluid (He gas or the like) that is introduced inside the first
cylinder 34 and the second cylinder 36 similarly has a
thermal gradient in the vertical direction such that the
upper portion becomes a high temperature and the lower
portion becomes a low temperature due to a density dif-
ference caused by the temperature.
With a longitudinally mounted-type cryogenic refrigerator
20, the direction of the aforementioned thermal gradient
of the first displacer 35 and the second displacer 37
matches the direction of the thermal gradient of the work-
ing fluid. Hence, a heat exchange effect can be favorably
maintained, and the refrigerating capacity of the cryo-
genic refrigerator 20 can be suitably ensured.
[0040] Further, the cryogenic refrigerator 20 is a type
in which the first displacer 35 and the second displacer
37 perform a reciprocating movement in the vertical di-
rection inside the first cylinder 34 and the second cylinder
36, respectively. Hence, at the time of performing main-
tenance to replace the first displacer 35 and the second
displacer 37, by the action of gravity, the first displacer
35 and the second displacer 37 can be inserted concen-
trically with high precision into the first cylinder 34 and
the second cylinder 36, respectively. Consequently, the
workability of the maintenance operation can be en-
hanced and damage, which may be caused by a collision
involving the first displacer 35, the second displacer 37,
the first cylinder 34 or the second cylinder 36, can be
prevented.

[Second Embodiment (Fig. 11)]

[0041] Fig. 11 is a perspective view that represents a
second embodiment of the superconducting magnet de-
vice for a single crystal pulling apparatus according to
the present invention. In the second embodiment, like
reference numerals are added to portions or components
similar to the first embodiment and the duplicated de-
scription thereof is simplified or omitted herein.
[0042] A superconducting magnet device for a single
crystal pulling apparatus 30 of the present embodiment
differs from the superconducting magnet device 10 of the

first embodiment in the point that a plurality of the refrig-
erator ports 31 are arranged in a dispersed manner on
the outer circumferential surface 18 of the cryostat 17.
Further, one or a plurality of (one according to the present
embodiment) the cryogenic refrigerator 20 is mounted
on each refrigerator port 31.
[0043] Accordingly, in addition to the advantages sim-
ilar to advantages (1) to (3) obtained with the first em-
bodiment, the following advantage (4) is also obtained
according to the present second embodiment.
[0044] (4) The refrigerator ports 31 on which the cry-
ogenic refrigerator 20 is mounted are arranged in a dis-
persed manner on the outer circumferential surface 18
of the cryostat 17, and accordingly, the maximum heat-
transfer distance per cryogenic refrigerator 20 can be
decreased, for example, by half. As a result, the maxi-
mum temperature difference between the cryogenic re-
frigerator 20 and the superconducting coils 15, 27, or 28A
and 28B can also be decreased, for example, by half.
Hence, the superconducting coils 15, 27, or 28A and 28B
inside the cryostat 17 can be cooled even more uniformly.

[Third Embodiment]

[0045] Although a diagrammatic representation of a
third embodiment is omitted herein, this embodiment is
one in which a plurality of the refrigerator ports shown in
Fig. 2 are provided, as shown in Fig. 11.
[0046]  A superconducting magnet device for a single
crystal pulling apparatus of the present third embodiment
differs from the superconducting magnet devices 10 and
30 according to the first and second embodiments in the
point that the refrigerator ports on which a plurality of the
cryogenic refrigerators 20 are mounted are continuously
arranged in an annular shape on the outer circumferential
surface 18 of the cryostat 17. More specifically, the third
embodiment is one in which a plurality of the refrigerator
ports 19 shown in Fig. 2 are arranged on an outer cir-
cumferential surface of the cryostat 17 as shown in Fig.
11.
[0047] Accordingly, in addition to advantages similar
to advantages (1) to (4) obtained with the first and second
embodiments, the following advantage (5) is further ob-
tained according to the present embodiment.
[0048] (5) Since the refrigerator ports are continuously
arranged in an annular shape on the outer circumferential
surface 18 of the cryostat 17, even when there is a large
number of cryogenic refrigerators 20, it is not necessary
to provide a large number of refrigerator ports. It is there-
fore possible to facilitate production of the superconduct-
ing magnet device and, since the material cost is re-
duced, the production cost of the superconducting mag-
net device can be also reduced.

[Fourth Embodiment (Fig. 12)]

[0049] Fig. 12 is a perspective view that represents a
fourth embodiment of the superconducting magnet de-
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vice for a single crystal pulling apparatus according to
the present invention. In the fourth embodiment, like ref-
erence numerals are added to portions or components
similar to those of the first embodiment, and the dupli-
cated description thereof is simplified or omitted herein.
[0050] A superconducting magnet device for a single
crystal pulling apparatus 40 of the present fourth embod-
iment differs from the superconducting magnet device
10 of the first embodiment in the point that the refrigerator
port 19, on which the cryogenic refrigerator 20, the cur-
rent lead terminal 23, and the valve are mounted, is ar-
ranged on an outer surface 42 of a split-type cryostat 41
having a rectangular parallelepiped shape.
[0051] More specifically, a plurality of the split-type cry-
ostats 41 are arranged facing each other, and an interval
between the respectively adjacent cryostats 41 is linked
by adjustable support members 43. A superconducting
coil 27 and a radiation shield 16 are enclosed inside each
cryostat 41. The superconducting coil 27 and the radia-
tion shield 16 are cooled to a cryogenic temperature by
the cryogenic refrigerator 20. A unidirectional transverse
magnetic field is generated by the superconducting coils
27 between the cryostats 41. The transverse magnetic
field is applied to the pulling furnace 13 and the crucible
12 of the single crystal pulling apparatus 11 arranged
between the cryostats 41.
[0052] The refrigerator port 19 is arranged on the outer
surface 42 of each cryostat 41 so as to be within an area
between the upper end face 41A and lower end face 41B
of the cryostat 41. Further, exposed portions such as the
cryogenic refrigerator 20, the current lead terminal 23
and the valve are arranged on the refrigerator port 19 so
as to be within an area between the upper end face 41A
and lower end face 41B of the cryostat 41. Furthermore,
the refrigerator port 19 is arranged in a magnetic field
region in which modulation at a drive motor of the cryo-
genic refrigerator 20 is not induced by a magnetic field
generated by the superconducting coil 27 inside the cry-
ostat 41.
[0053] Accordingly, advantages similar to the advan-
tages (1) to (3) of the first embodiment are also obtained
by the present fourth embodiment.
[0054] Although the present invention has been de-
scribed in the hereinabove with reference to the embod-
iments, it is to be understood that the present invention
is not limited to the above embodiments. For example,
in the respective embodiments described above, there
is described a case of a conduction cooling system, in
which the superconducting coils 15, 27, or 28 inside the
cryostat 17 or 41 are cooled to a cryogenic temperature
by the cryogenic refrigerator 20 via the heat transfer plate
26. However, there may be adopted an immersion cool-
ing system in which the superconducting coils 15, 27, or
28 are immersed in liquid helium that is filled in a coolant
container inside the cryostat 17 or 41, and cooled to a
cryogenic temperature by the cryogenic refrigerator 20.

Claims

1. A superconducting magnet device for a single crystal
pulling apparatus that is arranged outside a pulling
furnace containing therein a crucible for melting a
single crystal material so as to apply a magnetic field
to the melted single crystal material, the supercon-
ductive magnet device comprising:

a cryostat that encloses a superconducting coil;
a refrigerator port arranged on an outer surface
of the cryostat; and
a cryogenic refrigerator that cools the supercon-
ducting coil that is provided on the refrigerator
port,
wherein the cryogenic refrigerator is provided in
a region of an outer surface region of the cryostat
at which an intensity of a magnetic field gener-
ated by the superconducting coil is weak.

2. The superconducting magnet device for a single
crystal pulling apparatus according to claim 1,
wherein the refrigerator port and the cryogenic re-
frigerator are arranged within an area between an
upper end face and a lower end face of the cryostat
outer surface.

3. The superconducting magnet device for a single
crystal pulling apparatus according to claim 1,
wherein the cryogenic refrigerator includes a drive
motor, and the drive motor is arranged in a magnetic
field region in which modulation is not induced by a
magnetic field generated by the superconducting coil
inside the cryostat.

4. The superconducting magnet device for a single
crystal pulling apparatus according to claim 1,
wherein the refrigerator port is arranged at a plurality
of locations on the outer surface of the cryostat.

5. The superconducting magnet device for a single
crystal pulling apparatus according to claim 4,
wherein the refrigerator ports are continuously ar-
ranged on the outer surface of the cryostat.

6. The superconducting magnet device for a single
crystal pulling apparatus according to claim 1,
wherein the cryostat is a cylinder-shaped cylindrical
cryostat.

7. The superconducting magnet device for a single
crystal pulling apparatus according to claim 1,
wherein the cryostat is a rectangular parallelepiped-
shaped split-type cryostat.

8. The superconducting magnet device for a single
crystal pulling apparatus according to claim 1,
wherein the superconducting coil inside the cryostat
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is cooled to a cryogenic temperature by the cryogen-
ic refrigerator via a heat transfer plate.

9. The superconducting magnet device for a single
crystal pulling apparatus according to claim 1,
wherein the superconducting coil inside the cryostat
is immersed in liquid helium that is filled in a coolant
container inside the cryostat so as to be cooled to a
cryogenic temperature by the cryogenic refrigerator.

10. The superconducting magnet device for a single
crystal pulling apparatus according to claim 1,
wherein the superconducting coil is a pair of saddle-
shaped superconducting coils.

11. The superconducting magnet device for a single
crystal pulling apparatus according to claim 1,
wherein the superconducting coil is a pair or a plu-
rality of pairs of circular superconducting coils.
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